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Investment, Production, and Marketing 
Strategies for an Iowa Cattle Feeder 
in a Risky Environment*
by Donald Johnson and Michael Boehlje**
It is widely accepted that agriculture is one of the 
riskier industries in the United States; the wide fluc­
tuations experienced in grain and livestock prices are 
well known (Nelson et al., 32, pp. 131-132). Cattle feed­
ing in recent years has been notoriously volatile in 
profitability, resulting primarily from fluctuations in 
feed costs and feeder cattle and fed cattle prices (Futrell 
and Bums, 12).
Risk management is important for a successful 
farm operation (Nelson et al., 32, pp. 169-184). One 
possible way to manage risk is through the choice of 
firm size and leverage (debt in relationship to total 
assets) configuration. As farm size is increased, the 
need for nonequity funds to finance land and machin­
ery purchases as well as operating expenses becomes 
larger. Greater use of credit results in larger fixed 
repayment commitments, and a drop in income creates 
the possibility that obligations may not be met (Nelson 
et al., 32, p. 97). In that case, past savings of the firm 
would need to be used, and the accumulated wealth of 
the firm could be seriously or totally impaired. Conse­
quently, a cautious or risk-averse farmer would be ex­
pected to rely more on internally generated funds 
rather than on credit to finance asset expansion and 
production expenses. This more conservative use of 
borrowed funds implies that the firm employs fewer 
assets than if it were more highly leveraged.
Diversification of activities is a well-known means 
of coping with risk (Samuelson, 37, p. 1). This strategy 
allows a below-average outcome in one enterprise to be 
partly or completely offset by an above-average out­
come in another. Flexibility in production (e.g., through 
the planting of different crops or through the stagger­
ing of livestock placements) is a widely accepted means 
of diversification.
Marketing strategies can be used to cope with risk. 
Just as a farmer diversifies production to smooth the 
impact of price fluctuations, an individual also can 
achieve an averaging effect by diversifying marketing 
activities. This can mean the sale of products at several 
times during the year as well as proportioning sales 
between cash and hedged sales. Recent research has 
indicated the potential to reduce risk through various 
marketing strategies (Leuthold, 22, pp. 22-24).
Risk and risk management options must be consid-
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ered in farm firm analyses. The most common type of 
risk analysis applied to agriculture has been that of 
selecting an enterprise combination for a fixed resource 
base (Freund, 11; Hazell, 14; and Thomas et al., 45). 
Less frequently, longer-range decision models in which 
the resource base is variable have been constructed 
(Chen, 5).1
OBJECTIVE
The overall objective of this study is to explore the 
management strategies that might be used by a 
midwestem cattle feeder in an environment of price 
and production risk. The setting chosen for the study is 
northwestern Iowa—an area of the state in which cattle 
feeding is more common. The analysis utilizes a numer­
ical model designed to allow flexibility in coping with 
risk in three main ways:
1. One is to allow variation in farm size. This is 
done by providing opportunities to acquire land, 
machinery, and feedlot capacity with both debt and 
equity and by allowing initial firm size to vary.
2. The second method is through diversifying the 
production plan. The farmer is allowed to produce com 
and soybeans as well as to use several different cattle 
feeding programs.
3. Finally, the firm can use different marketing 
activities to sell output. If desired, a farmer could mar­
ket each commodity several different ways, thereby 
achieving additional diversification.
The analysis integrates decisions regarding invest­
ment, financing, production, and marketing into a com­
mon framework. All decisions are made considering the 
operator’s attitude toward risk. Because of the inclu­
sion of time and risk, the analysis is multiperiod and 
stochastic. A key hypothesis to be tested is whether or 
not a farmer can assume greater risk in other areas 
(e.g., production) by using various marketing strategies 
to reduce risk.
THEORETICAL CONSTRUCTS
Risk can be ignored in economic models only with a 
loss of realism. The desirability of incorporating risk 
into the decision-making process is generally accepted, 
and maximization of expected utility has become wide­
ly used in studies of risk (Walker and Nelson, 51). 
Consequently, that approach is followed in this study.
1A  comprehensive review and bibliography of studies analyzing 
risk in agriculture has been prepared by Walker and Nelson (51).
Expected Utility
The expected utility approach involves two key 
tenets. One is that risk is represented by some random 
variables (e.g., prices) for which probabilities can be 
specified. Secondly, a utility function that provides 
preference rankings for nonstochastic events can be 
defined for a decision maker. By combining probability 
functions with a utility function, a means of evaluating 
random events is obtained. If random outcomes are 
discrete, then expected utility for some prospect Y, 
which offers outcomes x lv.., xn with probabilities plv.., 
pn, respectively, can be calculated as
E[U(Y)] = p1 UiXi) + p2 U(x2) + ... + pn U(xn).[l]
If several prospects are available (e.g., Y 1?..., Yn), then 
the one with the highest expected utility is the prefer­
red option. If working with continuous functions, ex­
pected utility is the integral:
E[U(Y)] = jf U(x) dx, a <  x <  b, [2]
where U(x) is the utility function, and fix) is the prob­
ability density function.
Most studies of the firm under uncertainty assume 
that the manager displays risk-averse behavior. Risk 
aversion means that a decision maker prefers a known 
situation to a risky situation if both have the same 
expected outcome. Consequently, utility is concave in 
income or wealth, and the second derivative of utility 
with respect to income or wealth is negative.
Another common assumption is that a decision 
maker shows decreasing absolute risk aversion; this 
means that he (she) becomes more willing to accept a 
given risk the higher is his (her) income or wealth. 
Mathematically, absolute risk aversion is defined as:
U "(Y)
R a (Y )= - ^  [31
where U'(Y) and U "(Y) denote the first and second 
derivatives of utility with respect to income or wealth, 
respectively. Decreasing absolute risk aversion implies 
that the third derivative of utility with respect to in­
come is positive (Pratt, 35, p. 122). Samuelson has 
suggested that the previously discussed characteristics 
are sufficient to develop a fairly extensive theory of a 
firm in a world of uncertainty (38, p. 537).
Studies by Officer and Halter (33) and Lin et al. (23) 
have attempted to apply an expected utility analysis to 
a farm setting. Both studies used a game-theory tech­
nique (the Ramsey model) to assign utility values to 
different income levels. Then, linear regressions were 
used to estimate utility as a function of income raised to 
various powers. Both studies were able to obtain excel­
lent fits, with most equations explaining 98 percent or 
more of the variation in utility (Lin et al., 23, p. 504; and 
Officer and Halter, 33, p. 268). Functions for most farm­
ers were fitted without using income terms of a power 
higher than the quadratic. Because the functions esti­
mated accurately explained actual behavior, there is
reason to conclude that expected utility is empirically 
valid.
Direct solution of an expected utility problem is 
difficult. Consequently, there has been considerable 
research on transforming expected utility problems 
into a more manageable form for empirical analysis; 
generally these transformations result in a mean- 
variance analysis. One transformation procedure that 
has been widely used in agricultural studies is to 
assume that a farmer possesses a quadratic utility func­
tion (Markowitz, 25; Markowitz, 26; Scott and Klieben- 
stein, 40; and Van Home, 50). If the income or wealth 
earned from a farm plan is uncertain, the quadratic 
utility function may be written as:
U = a + b *E (I) + c • E (I2) [4]
where U is utility, E (I) is expected wealth, and a, b, and 
c are parameters. Since E (I) = (jlx and E (I2) = [if + o i  
this quadratic utility function may be rewritten in 
terms of the mean and variance of income as:
U = a + b|xi + C|xf + cuf [5]
where pq is the mean of I and af is the variance of I 
about pq.2 The quadratic utility function just given 
implies a utility surface in the three dimensions U, pq, 
and erf. Holding utility constant, the function can be 
represented by a series of iso-utility curves in mean- 
variance space. Setting utility equal to a constant level, 
say U*, and rearranging terms, the curve of all mean- 
variance combinations that yield the same level of util­
ity is:
o U* a b 2
O'?-—  + Y  -  ~  Mi -  M* [6]
Such curves are known as E, V indifference curves 
because the decision maker would be indifferent be­
tween the alternative farm plans whose mean income 
and variance of income lie on the same indifference 
curve (Dillon, 7).
The rate of substitution or trade-off between the 
mean and variance at a constant level of utility (assum­
ing a quadratic utility function) is given by:
dpq d\J/doi C
dcrf dU/dpq b + 2cpq
= -  c (b + 2 C(xj) “  * | [7]
^The second moment about the mean is defined as E[(I — (jlj)2] = a? 
(Larson, (21)). Since is constant, the expansion is:
E[I2 — 2I|xx + (xfl = erf
E(I2) -  2(xI*E(I) +  (x2= o f
E(I2) -  2|xI|xI + |x2= erf
E(I2) -  2 (x2 + fxf= a2
E(I2) -| x f= o f
E(I2) = af+fxf.
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The term (b + 2c|Xj) is the marginal utility of income 
(dU/d|Ai) and must be positive for the rational producer. 
Therefore, the rate of substitution between the mean 
and variance will be positive, zero, or negative within 
the relevant range as c is negative, zero, or positive, 
respectively. The rate of substitution will be positive for 
a risk averter (c <  0) because a risk averter requires an 
increase in mean income to compensate for an increase 
in variance if the level of utility is to remain constant.
Equations [5], [6], and [7] describe a family of indif­
ference curves given the decision maker’s values for the 
parameters a, b, and c. Figure 1 shows a family of 
indifference curves for a risk averter who has a quadra­
tic utility function. The intercept of an indifference 
curve with the axis (erf=0) is the certainty equiva­
lent of all mean-variance combinations on that indiffer­
ence curve.
Although empirical studies have shown that 
quadratic utility functions frequently represent farm­
ers’ behavior, use of such functions has been criticized 
on theoretical grounds. But Tobin (46) has shown that 
when risky outcomes are normally distributed, ex­
pected utility problems can be transformed into mean- 
variance analyses. Furthermore, no conditions need be 
imposed on the utility function.
Johnson and Boehlje (19) derived a set of general 
conditions under which mean-variance procedures can 
be substituted for expected utility analyses. Using 
those conditions,3 it was shown that a Taylor series 
expansion of the expected utility function involved only 
the mean and variance as parameters. Special applica­
tions include normal, triangular, and double exponen­
tial distribution functions for random outcomes with 
negative exponential and logarithmic utility functions.
Using a mean-variance analysis to approximate ex­
pected utility leads to quadratic programming as a 
computational technique (Freund, 11; McFarquhar, 27; 
Stovall, 43; Takayama and Batterham, 44). Quadratic 
programming assumes that the farmer is a risk aver­
ter, or that his indifference curves are convex as shown 
in Figure 1. The rational farmer thus restricts his 
choice to those farm plans that have a minimum 
variance given an expected level of income. Such plans 
are called efficient E, V pairs and define an efficient E, 
V frontier over the set of all feasible farm plans (seg­
ment OM in Figure 2). The point of tangency between 
the efficient E, V frontier and an indifference curve 
defines the farm plan that will maximize the farmer’s 
utility. The point F in Figure 2 is the point of utility 
maximization; associated with point F is the optimal 
farm plan for the farmer with a utility function depicted 
by the indifference curve in Figure 2.
3Required conditions are:
1. derivatives of utility functions alternate in sign, beginning with a 
positive first derivative,
2. probability distributions are symmetric, and
3. probability distributions for the outcomes are mean-preserving 
transformations of each other.
When these conditions hold, using the first two terms o f the 
Taylor’s expansion provides the same ranking among strategies as 
does the entire expansion. Solution o f a quadratic program provides a 
frontier that contains the optimal solution.
V aria n ce  o f  Income (o^ )
Figure 1. Family of indifference curves for a risk averter who has 
quadratic utility functions.
Figure 2. The optimal expected-income— variance-of-income farm 
plan.
Model Structure
In most farm management studies, it is common to 
assume some fixed resource base and then allow the 
model to activate investment or disinvestment activi­
ties to alter the asset structure. One of the hypotheses of 
this study, however, is that risk preferences are re­
flected in farm size, i.e., a very risk-averse individual is 
more likely to farm fewer acres and feed a smaller 
number of cattle than a farmer who is more indifferent 
to risk. Thus, the model was structured so that initial 
firm size could be variable; this involved including ac­
tivities to determine the amount of land and machinery 
owned at the start of the planning horizon. The model 
could then determine optimal firm size by choosing 
activity levels for these items somewhere between zero 
(i.e., do not operate a farm) and some predetermined 
maximum. Investment activities in land, machinery, 
and feedlot capacity were provided if further expansion 
in farm size was desired. The combination of a variable 
firm size at the start of the planning horizon and invest­
ment activities during the horizon provided the model 
considerable latitude in determining the optimal scale 
of operation for different levels of risk aversion.
Most assets provide a flow of benefits that extend 
over several years; a model that incorporates asset 
changes must adequately account for this feature. In 
this study, a multiperiod model was used to reflect the 
flow of asset services over time.
Objective Function
Maximization of present values has been used in 
objective functions of numerous multiperiod linear 
programming studies (Irwin, 18, pp. 84-91). This proce­
dure involves discounting all future net cash flows to 
their present value and then maximizing this sum. 
Such an approach leads to several problems:
1. The choice of an appropriate discount rate may 
be quite arbitrary.
2. Depending upon the length of the time horizon, 
some investment activities will be penalized relative to 
others. For example, in a 10-year model, purchase of 
land, which has essentially an infinite life, may be at a 
disadvantage to purchase of machinery with a life span 
of perhaps 8 years. Although a longer horizon may 
eliminate this problem, computing costs may become 
quite large.
3. A  third problem is that emphasis on the value of 
production services neglects the fact that asset worth 
may be changing. Plaxico and Kletke (34) argue that 
unrealized capital gains have current value because 
they increase the firm’s borrowing capacity. This 
allows the firm to purchase additional assets, thereby 
increasing wealth. When unrealized capital gains are 
large (as has occurred in recent years with land), recog­
nition of the value of such gains may provide more 
realistic results.
As an alternative, Lutz and Lutz (24, p. 17) have 
suggested that an entrepreneur will want to maximize 
the rate of return on his owned capital because this will 
provide the owner with the maximum capital sum at 
the end of the period. A method of implementing this
objective is to maximize ending wealth or net worth. , 
Boussard (3, pp. 468-471) also contends that a net worth 
objective function is superior because it requires a 
shorter planning horizon than does the present-value 
rule.
In this study, the firm’s objective is to maximize 
expected utility of ending net worth. One added feature 
is that assets are valued at current prices. The reason 
for doing this is to recognize that capital gains have 
value to the firm. »
Covariance Matrix
One of the assumptions of this study is that a deci­
sion maker formulates personal probabilities concern­
ing stochastic events (Markowitz, 26, p. 257).4 These 
personal probabilities are used by the individual to 
maximize expected utility. Use of these concepts im­
plies that a farmer, at least subconsciously, forms an 
opinion about the distribution functions of random 
variables; e.g., com prices or profit margins on feeding 
steers. These probability functions, along with his util­
ity function, can be used to determine a preferred 
strategy.
A farmer was assumed to use the following concepts 
in formulating personal probabilities. Statistical tools 
were then used to translate these concepts into a covar­
iance matrix. Specifically, the following assumptions 
were made:
1. Prices o f capital items increased steadily 
throughout the past 10 years owing to inflation. For 
these items, a farmer would think in terms of a certain 
percentage increase; e.g., machinery prices are ex­
pected to increase 10 percent per year. Consequently, 
an autoregressive model would be appropriate. Prices 
of grain and livestock have experienced both upward 
and downward fluctuations over time. For such items, a 
farmer would think of some average value over time 
with adjustment for inflation. A linear time trend is an 
appropriate tool in this situation.
2. A farmer does not recognize covariances among 
variables of different time periods. This implies that 
residuals from the regression equations are treated as if 
they were serially uncorrelated, and that the variance 
matrix is block diagonal.
3. A farmer does not consider that probability func­
tions change during the planning horizon. Therefore, 
the diagonal covariance matrices are the same for each 
year.
Although different reasoning was used, other stud­
ies have derived covariance matrices in much the same 
way (Batterham, 1, pp. 143-149; Chen, 5, pp. 59-61).
EMPIRICAL MODEL 
Model Structure
At the beginning of the first operating year, a pro­
duction and investment plan for the planning horizon is
4The four axioms of behavior, which parallel those given for 
expected utility, and the proof o f the existence o f personal probabili­
ties are stated in Markowitz (26, pp. 257-273). A  more detailed 
exposition is given by Savage (39, pp. 27-68).
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Table 1. The Quadratic Programming Matrix Used in the Numerical Analysis.
Initial
S ize
O bjective
Ci j
Period 1
Cash
" i f
Debt lim its  
Labor
Maximum firm
' " i l
s ize
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Crop and feed  
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' ai j
Covariance •n•H
>
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Cash
b i i
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Labor
- b . .
i j
Asset s e rv ice s  
Crop and feed
~bi j
in ventories
Borrowing
Covariance
A sset
D isp osa l
In v e st­
ment
Borrowings 
Short Long Grow
Crops
S e l l
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Feed
C a ttle
H ire
Labor
Buy
Feed
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b u b i j b i j _b i j - b i j * b u
<0
- biJ bi j 1 °
- b u
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<0
- b i j b i f =0
<0
formulated. A 4-year horizon is used because asset 
activities have effects that extend beyond 1 year. Four 
years are used because linear programming solutions 
suggested that this is sufficient to stabilize the first- 
period results, which are the only results that must be 
implemented before new information becomes avail­
able (Modigliani and Cohen, 31).
Table 1 shows the design of the matrix organized by 
key sectors. Activities are included for only the first 
year in Table 1 because subsequent years differ only in 
the omission of initial firm size and asset-disposal ac­
tivities. Constraints for 2 years are shown to provide an 
indication of the interaction among years. The subse­
quent discussion is organized around the constraint 
sectors.
Objective function
As noted earlier, the objective function of the firm is 
to maximize expected utility of terminal net worth. 
Terminal net worth consists of the amount of cash on 
hand at the end of the planning period plus the ending 
value of all assets less liabilities.5
fo llow in g  Reid et al. (36, pp. 29-31), a discounted capital gains 
tax liability is not included because the firm is expected to have a life 
span longer than the planning horizon.
Structural equations
The cash-constraint sector (Table 1) accounts for 
cash flow requirements within the year and the pay­
ment of taxes at the end of the year. Specifically, this 
sector contains three equations: one to handle cash 
payments in the first 6 months of the year, the second to 
accommodate cash flows in the last 6 months, and the 
third equation properly accounts for tax payments and 
consumption. Transfer activities allow unused cash 
balances in one period to be available in the following 
period. The cash rows have a balance of $40,000 (the 
initial endowment of cash) at the beginning of the first 
year and are augmented by sales of crops and livestock 
in later periods. Short-term borrowing activities also 
are available to increase cash availability in different 
periods.
A debt-limit equation is entered for each year to 
calculate maximum borrowing capacity, with the 
limits determined by the value of fixed assets owned at 
the start of the year. Initial firm assets affect debt limits 
in all 4 years; but new investments add to borrowing 
ability only in the years after they are purchased. 
Short-term borrowings affect the debt-limit equations 
for the year in which the loan is made while long-term 
borrowings affect debt equations in all years in which 
principal is outstanding.
A labor sector is entered for each year to insure that 
sufficient manpower is available for growing crops and 
feeding livestock. Initial labor resources consist of the 
owner’s available time, although labor services can be 
hired.
One of the model’s features is that the asset struc­
ture at the start of the period is variable; i.e., initial 
farm size (acres and machinery capital) can vary within 
a specified range. The maximum firm-size sector of the 
model specifies upper limits for machinery and land; 
initial size activities determine the amount of those 
limits that will actually be included in the solutions. 
The residuals are used by asset disposal activities. 
Equations and activities used to determine initial size 
are entered for only the first year.
Asset service sectors also are entered for each year, 
with resource availability transferred from initial size 
and investment activities. As shown in Table 1, these 
activities provide services (cropland, machinery ser­
vices, and feedlot space) in all future years. Asset ser­
vices are used to grow crops and feed livestock.
Crop and feed inventories sectors consist of the 
transfer equations needed to make either feed available 
for cattle or grain available for sale. In the first year, 
crop inventories from previous production are present, 
and they can be increased through feed-purchasing 
activities. Crops grown in a given year increase inven­
tories for the next year, but no provisions are made for 
transferring inventories from year to year.
Borrowing sectors provide the equations necessary 
to finance asset purchases with long-term and in­
termediate-term borrowing. Separate equations for 
land, machinery, and feedlot investments are provided 
for each year.
Covariance Matrix
A covariance matrix is entered for each period of the 
model. Because farmers are assumed to ignore variance 
relationships among time periods, the matrix is block 
diagonal. Table 1 indicates that variances and covar­
iances have been calculated for all activities affecting 
net worth except financial activities. Interest rate ex­
pectations are assumed to be held with perfect cer­
tainty.
To calculate expected net-worth values (which are 
used in the objective function) and the covariance ma­
trix, time series of asset and product prices were first 
constructed for the years 1966 through 1977. Regres­
sions were then run to calculate predicted values for the 
years 1966 through 1981 for each price series. The 
predicted values for 1978 through 1981 were used in 
calculating expected net-worth coefficients, and the dif­
ferences between predicted values and actual values for 
the years 1966 through 1978 were used to calculate the 
covariance matrix. This matrix is used as the diagonal 
covariance matrix for each year in the model.
Initial Resources
Iowa Farm Business Association records for indi­
vidual farms (Iowa Farm Business Association, 17), 
Iowa Cooperative Extension Service publications
(McGrann and Stoneberg, 28; Stoneberg and Edwards, 
42), and Census of Agriculture data (U.S. Department 
of Commerce, Bureau of the Census, 49) were reviewed 
to gain insight into the resource structure of Iowa 
farms, particularly those in northwestern Iowa. Pro­
duction coefficients and an asset base for a representa­
tive farm were derived on the basis of these data.
Land
Flexibility is provided through initial sizing activi­
ties so that farm size can vary, depending upon the 
operator’s attitude towards risk. Costs of holding owned 
land Eire stated on a per-acre basis, and the program 
determines optimal acreage within the range of 0 to 320 
crop acres.6 Rented land can vary from 0 to 320 crop 
acres (341.3 actual farm acres). Land is assumed to be of 
high quality, and its value is adjusted each year to 
reflect price increases (Appendix Table 1).
Fixed costs of holding land include depreciation, 
insurance and repairs, taxes, and repayment of mort­
gage debt. Depreciation is held constant throughout the 
horizon, but insurance and repairs are increased 7.5 
percent per year. Property taxes are computed at the 
rate of $0.80 per $100 of land value, using the land 
value for the previous year as the tax base.
Machinery
First, a machinery complement needed for the rep­
resentative farm was specified. The physical machin­
ery items were then combined into a common resource 
by valuing each machine at 1978 prices. Thus, the 
machinery resource, although stated in dollar figures, 
is linked to a physical quantity of machinery. The total 
value of the complement in 1978 prices was $116,250, 
which reflects the amount of the machinery resource 
needed to farm 450 acres, regardless of crop.
Machinery was revalued each year to reflect depre­
ciation and price increases (Appendix Table 2). The 
current-value figures are used to determine borrowing 
capacity and net worth in the model. For physical 
capacity purposes, machinery is assumed to have a 
10-year life, after which it is salvaged. For tax purposes, 
depreciation is computed on a 10-year double- 
declining-balance basis with a 20-percent salvage 
value.
As with land, the existing machinery activity is 
structured so that initial capital could range from none 
to $116,250; assumed risk preferences again determine 
the initial level.
Other resources
The other resources include $40,000 in cash and 
crop inventories. The farmer is assumed to have 
planted 150 acres of com on the owned land in the year
6O f the owned land, 160 acres is assumed to have been purchased 
in 1967 with a 20-year loan at 6 percent interest, and the remaining 
160 acres is assumed to be owned without debt. In the model, the 
completely owned and the financed land are combined into one 
activity, and all coefficients are then stated on a per-acre basis. By 
using a per-acre basis, some very large coefficients that might cause 
computation problems are eliminated.
before analysis, which provides a maximum of 18,135 
bushels of com (120.9 bushels per acre) or 2,910 tons of 
silage (19.4 tons per acre) to start a cattlefeeding enter­
prise the first year. Again these crop inventories are 
reduced, proportionally, if risk aversion suggests a 
smaller initial firm size.
Labor
The operator’s labor is available to the firm at no 
direct charge. Hours provided by the operator per 
month are shown in Table 2. Labor was entered on a 
quarterly basis except for May, the month in which 
seedbed preparation and planting are accomplished, 
when a separate labor restriction was entered.
Balance sheet
The beginning balance sheet for the maximum size 
firm is given in Table 3. Initially, the firm has a very 
high net worth (roughly 92 percent of assets) and is in a 
financial position to undertake a large expansion, 
should the operator be so inclined. Initial net worth of 
smaller firms would be $40,000 from cash, $0.82 for 
each bushel of com in inventory, $1,966 for each acre of 
land held, and $0.25 for each dollar of machinery capi­
tal held.
Investment Activities
Investments allow the firm to alter its asset struc­
ture. Possible investments include purchasing land, 
buying machinery, building a feedlot, and off-farm in­
vestment.
Table 2 . L abor A v a i l a b i l i t y  Assumed in  the N u m erical A n a ly s i s .—
Quarter Month Hours A v a ila b le  T o t a l f o r  Q u arter
F ebruary 192
1 March 208 660
A p r i l 260
May 270
2 June 250 736
J u ly 216
August 208
3 Septem ber 260 738
O cto b e r 270
November 250
4 December 208 666
January 208
~  (Kay, 2Q p . 2 8 5 ) .
Table 3. Balance Sheet o f the R epresentative Firm Used in  the Numerical
A n a ly s is .
A ssets L ia b i l i t ie s  and Net Worth
Cash $ 40,000 Income Tax L ia b i l i t y $ 14,780
Corn (18,135 bu. at $1.63) 29,560 Mortgage on Machinery 11,316
Machinery 39,928 Mortgage on Land 31,738
Land (320 A. at $2065) 660,800 T ota l L ia b i l i t i e s 57,834
— Owner's Net Worth $712,454
Total Assets $770,288 T ota l L ia b i l i t i e s  and
Net Worth $770 288
Land
Land can be purchased at the start of each year with 
a 20-percent down payment and the balance financed 
by a 20-year land mortgage. Charges for taxes, insur­
ance, repairs, and depreciation are assumed to be the 
same as for the land owned initially. A summary of the 
data used in developing coefficients for land purchases 
is provided in Appendix Table 1.
Machinery
Machinery can be purchased at the start of each 
period in the model with a 25-percent down payment 
and the remainder financed with a 4-year loan. The 
only ownership charge associated with machinery in­
vestment is depreciation, calculated by using a 10-year 
double-declining-balance method with a 20-percent 
salvage value.7 Detailed data on machinery invest­
ment are presented in Appendix Table 2.
Feedlot
Investments in feedlot capacity can be made in each 
year, with the lot available for cattle placements at the 
start of the year. Feedlot investment requirements are 
based upon a 300-head capacity open lot with shelter 
facility, which was estimated to cost $109,230 in 1979 
(McGrann et al., 30, p. 12). Annual ownership costs 
include depreciation and repairs, taxes, and insurance. 
McGrann et al. (30, p.21) provide rates for these 
charges, based upon the original purchase price. To 
compute current values for the feedlot, it was assumed 
that remaining values decline 7 percent per year. This 
factor was then adjusted for inflation with an index of 
building and fencing costs (U.S. Department of Agricul­
ture, 48). Detailed data on the feedlot-investment activ­
ities are given in Appendix Table 3.
Off-farm investments
Rather than use liquid funds to purchase physical 
assets, the farmer can invest money off-farm. This in­
vestment carries an assured return of 8 percent.
Financial Activities
Investment activities, as well as production activi­
ties, may require the use of more funds than the firm 
can generate internally. Financial activities are in­
cluded in the model so that outside funds can be used to 
augment internal cash flows.
Borrowing capacity is determined by the current 
value of assets held at the first of the year. In general, 
assets against which funds can be secured are land, 
machinery, and feedlot, but no provisions are made for 
borrowing against cash holdings, crop and feed inven­
tories, or cattle in the lot.8 Borrowing up to 50 percent of 
fixed asset value is allowed.
7Other ownership costs are included in the costs associated with 
the producing of various crops.
8Normally a firm would be allowed to borrow against these 
assets, but incorporating these assets into the borrowing capacity of 
the firm would complicate the model structure. Because these items 
are in inventory for only part of the year and their value is small 
compared with that of fixed assets, their omission was not expected to 
seriously understate borrowing ability. Furthermore, borrowing 
capacity is not an effective constraint on growth for most of the model 
solutions.
Short-term credit
Short-term borrowings for 6-month periods are 
available to augment cash flows. Interest and principal 
payments on a loan obtained at the start of a period are 
due at the beginning of the succeeding period; principal 
payments, however, can be refinanced. The model is 
constructed so that short-term credit can be used to 
finance all or part of the required down payment on 
asset purchases.
Intermediate-term credit
Intermediate-term credit is used to finance 75 per­
cent of both the purchase of farm machinery and the 
building of feedlot capacity. Interest rates on both types 
of loans are those for non-real-estate debt (see Appen­
dix Tables 2 and 3). The only difference between the two 
loans is the repayment requirements. Machinery loans 
require repayment in four equal installments, and 
building loans are repaid in 7 years. Interest and prin­
cipal payments are made at the end of the year.
Long-term credit
A long-term loan is used to finance 80 percent of the 
cost of land purchases. The loan must be repaid in 20 
equal installments, with interest charged on the un­
paid balance (see Appendix Table 1 for rates). Principal 
and interest are due at the end of the year, and no 
provisions are made for prepaying or delaying principal 
payments.
Production Activities
Production activities use the firm’s assets to gener­
ate profits and cash flow. For the firm studied, possible 
production activities consist of crops and cattle feeding.
Crops
Possible crops include corn, corn silage, and soy­
beans. All three crops may be grown on the owned land, 
but only soybeans and com may be grown on the rented 
land. A maximum of half of the total acreage may be 
planted to soybeans. Technical coefficients for crops 
were obtained from planning budgets prepared for 
northwestern Iowa (McGrann et al., 29) and are consi­
dered representative of production experiences in the 
area. Budgets used were prepared for 1978; hence, they 
are considered appropriate for the first year of the mod­
el. A summary of the base variable production costs, 
labor requirements, and expected yields is given in 
Appendix Table 4. Crop yields are projected to increase 
1 percent per year in the model. Labor requirements 
are held constant throughout the planning period.
Crop yields are sufficiently variable that this source 
of risk had to be included in the model. Crop-growing 
activities transfer a fixed output into crop or feed equa­
tions, and then cattle-feeding or grain-marketing activ­
ities draw upon these equations. The procedure fol­
lowed to incorporate yield variability was to add a cost 
of meeting a production deficit (if actual yields were 
below expected) to variable production expenses. If a 
surplus was produced, then revenues from the assumed 
sale of extra output were subtracted from production
expenses. Yield data from Clay County, Iowa, for the 
years 1965 through 1977 were used in these calcula­
tions. Annual production costs adjusted for yield 
variability are presented in Table 4. Historical time 
series were used to estimate objective function values 
and variances so that yield variability is included as 
part of cost variability.
T able 4. C osts o f  P rod u ction  Per Acre f o r  Each Year o f  the M odel.
Corn S ila g e Soybeans
Owned Rented Owned Owned Rented
P eriod Land Land Land Land Land
Year 1 $ 99.08 $ 52.26 $ 97.76 $ 55.36  $ 33.70
Year 2 105.22 55.48 103.06 58.90 35.78
Year 3 111.36 58.70 108.28 62.44 37.86
Year 4 117.50 61.90 113.68 65.98 39.92
Cattle-feeding activities
Cattle-feeding activities consist of the following 
programs:
1. Steer feeding—Yearling feeder steers are pur­
chased at 650 pounds and fed 150 days to 1,150 pounds. 
Net selling weight is 1,100 pounds. Steers can be placed 
during February, with sale in July, and again during 
August, with sale the following January.
2. Heifer feeding—Feeder heifers are purchased at 
550 pounds and fed approximately 150 days to 950 
pounds. Net selling weight is 910 pounds. Like the 
steer-feeding program, heifers can be placed in Febru­
ary and August.
3. Steer calf feeding—Feeder calves are purchased 
at 450 pounds and fed approximately 9 months to 1,150 
pounds. Net market weight is 1,100 pounds. Calves are 
placed during October with sale the following July.
Rations for all feeding programs consist of shelled 
com, com silage, and soybean oilmeal. Variability in 
feed conversion efficiency was not considered. Cattle­
feeding activities were entered on a gross margin basis, 
with Omaha choice prices (U.S. Department of Agricul­
ture, 48) used to determine cash purchasing and selling 
prices.9 Forecasted margins for the four years of the 
model are linear trend estimates using data from 1966- 
77. Cash margins for marketing strategies (to be dis­
cussed in detail later) are listed in Table 5. Actual 
margins for the years 1966-77 were used to calculate 
the covariance matrix. Labor requirements are 2.4 
hours per head for the yearling steer and heifer pro­
grams and 4.0 hours per head for the steer calf program 
(McGrann et al., 30, p. 12). This labor requirement is 
divided evenly over time.
Marketing Activities
The basic model includes only cash purchases at the 
time an input is purchased with cash sale at the date 
output is sold. To determine the importance of market-
9Monthly averages o f weekly average prices were used to calcu­
late buying and selling prices. Selling prices of finished animals were 
discounted $1 per hundredweight to account for commission charges 
and transportation; however, no adjustments were made to feeder 
cattle prices.
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Table 5. Margins fo r  the Various C a ttle  Feeding and Marketing Programs.5^ '
c /February Y ear]ing  S te e rs - ■
Cash
February-June 
Hedge
February-July
Hedge
April-June
Hedge
A p ril-J u ly
Year 1 $228.72 $215.04 $209.28 $238.86 $233.40
Year 2 240.62 226.16 220.46 252.82 247.16
Year 3 252.52 237.26 231.66 266.78 260.92
Year 4 264.42 248.38 242.84 280.74 274.68
c /August Y earling  S teers— ■
Year 1 
Year 2 
Year 3 
Year 4
Cash
August-
December
Hedge
August-  
January 
Hedge
O ctober-
December
Hedge
O ctob er-
January
$190.95
201.70
212.46
223.22
$197.30
208.46
219.58
230.72
$210.58
224.30
238.02
251.72
February H eifer!
February-July
Hedge
$203.86
216.72
229.60
242.42
<1/
$195.88
208.66
221.64
234.64
Cash
February-June 
Hedge
A pril-June A p ril-J u ly  
Hedge Hedge
Year 1 $191.48 $180.52 $175.42 $200.32 $195.12
Year 2 200.77 189.14 184.18 211.32 206.22
Year 3 210.06 197.78 192.94 222.34 217.34
Year 4 219.36 206.40 201.70 233.34 228.46
— August H eirers—
August- August- O ctober- O ctober-
December January December January
Cash Hedge Hedge Hedge Hedge
Year 1 $158.76 $164.02 $175.28 $151.14 $162.40
Year 2 166.86 172.44 185.86 158.76 172.18
Year 3 174.96 180.84 196.44 166.38 181.98
Year 4 183.05 189.24 207.00 174.00 191.76
e /s
O ctober- O ctober- February- February-
June July June July
Cash Hedge Hedge Hedge Hedge
Year 1 $335.55 $311.52 $304.14 $314.90 $282.44
Year 2 353.61 328.56 319.90 331.12 296.92
Year 3 370.66 345.60 335.66 347.30 311.42
Year 4 387.72 362.64 351.44 363.52 325.90
g/
— Economics Department, 9, and U.S. Department o f  A g ricu ltu re , 47.
b /
Margins are ca lcu la te d  by sub tra ctin g  the purchase p r ic e  o f  feed ers 
and nonfed co s ts  from s e l l in g  revenue. Omaha ch o ice  p r ic e s  are used in 
pric ing  c a t t le .
c /
— S e llin g  weight is  1100 pounds (net o f  shrink), and purchase weight 
is  656 pounds (a  1 -percent a d d ition  is  made fo r  death l o s s ) . Forecasted 
margins are lin e a r  trend estim ates using data from 1966-77. A fter  tax 
margins were used in  ca lcu la tin g  varia n ces .
S e llin g  weight is  910 pounds (net o f  shrink), and purchase weight 
is  556 pounds (a 1 -percent a d d ition  is  made fo r  death l o s s ) .  Forecasted 
margins are lin e a r  trend estim ates using data from 1966-77. A fte r -ta x  
margins were used in  ca lcu la t in g  v a r ia n ce s .
— S e llin g  weight is  1100 pounds (net o f  sh r in k ), and purchase weight 
556 pounds ( a 1 -percent a d d ition  is made fo r  death l o s s ) . Forecasted 
margins are lin e a r  trend estim ates using data from 1966-77. A fte r -ta x  
margins were used in  ca lc u la t in g  varian ces .
during one of the months of December, February, June, 
or August.
2. June-March hedge. A March futures contract is 
sold in June, after the crop has been planted. After 
harvest, the grain is stored until March, at which time 
the grain is sold on the cash market and an offsetting 
March futures contract is purchased.
3. August-June hedge. During August, a July fu­
tures contract specifying delivery during the following 
year is sold. After harvest, the grain is stored until 
June, at which time it is sold on the cash market and an 
offsetting July futures contract is purchased.
4. Storage hedge. During October when the grain is 
being harvested, a July futures contract is sold. The 
harvested grain is held until June, when it is sold and 
an offsetting July futures contract is purchased.
5. Harvest sale-futures purchase. Grain is sold for 
cash after harvest and a July futures contract is pur­
chased. In June, an offsetting futures transaction is 
made. In effect, this strategy allows a farmer to store 
grain in the form of a futures contract rather than as a 
physical commodity.
Net sales prices for each of the 4 years of the model 
are summarized in Table 6. Prices and covariance 
coefficients were calculated by using actual net sales 
prices for 1966-77. All cash transactions are based on 
the monthly cash price for the month in which the sale 
is made. Net prices for strategies involving futures 
transactions were calculated by adding the profits or 
losses obtained in the futures market to the cash price 
at which the grain would have been sold. Monthly 
average futures prices ("Futures Prices,” 13) were used
a /T ab le 6 . Net S a les  P r ic e s  f o r  Corn and Soybeans.—
Com  M arketing A c t i v i t i e s -----------------
__________ Cash S a le s  by Month o f  S ale
O ctober December February June August
Year 1 $2 .5 8 $2 .52 $2 .5 0 $2.54 $2 .46
Year 2 2 .74 2 .6 8 2 .6 4 2 .7 0 2 .62
Year 3 2 .9 0 2 .8 2 2 .8 0 2 .8 8 2 .7 8
Year 4 3 .06 2 .9 8 2 .9 4 3 .04 2 .9 6
C ash-Futures S a les
June-March
Hedge
August-June
Hedge
S tora ge
Hedge
H arvest S a le -  
F utures Purchase
Year 1 $2 .2 2 $ 2 .7 0 $2 .72 $2 .3 8
Year 2 2 .3 6 2 .8 8 2 .9 0 2 .5 0
Year 3 2 .4 8 3 .0 6 3 .0 8 2 .6 4
Year 4 2 .6 2 3 .24 3 .26 2 .7 8
ing strategies in coping with risk, additional marketing 
activities were entered for com, soybeans, and cattle 
feeding in the "marketing” model.
Grain-marketing activities
Grain-marketing strategies consist of cash market 
transactions or a combination of cash and futures mar­
ket transactions.10 For both com and soybeans, the 
following marketing activities are included:
1. Cash sales. Grain is harvested in October and 
then sold for cash. The cash sale may take place at 
harvest, or the grain may be stored and held for sale
10Strategies are typical of hedging options a farmer might use or 
might find profitable to use.
-  Soybean M arketing A c t iv i t i e s
Cash S a les by Month o f S a le
O ctober December February June August
Year 1 $ 6 .4 0 $ 6 .4 8 $ 6 .4 6 $ 7 .6 6  $ 7 .1 8
Year 2 6 .78 6 .8 8 6 .84 8 .1 4  7 .62
Year 3 7 .16 7 .2 8 7 .24 8 .6 4  8 .0 6
Year 4 7 .56 7 .6 8 7 .62 9 .1 4  8 .5 0
Cash-Futures S a les
June-March August-June S torage H arvest S a le
Hedge Hedge Hedge Futures P urchase
Year 1 $ 6 .1 6 $ 6 .3 0 $ 6 .1 4 $ 7 .8 0
Year 2 6 .54 6 .7 0 6 .52 8 .3 0
Year 3 6 .92 7 .10 6 .9 8 8 .7 8
Y.ear 4 7 .30 7 .50 7 .30 9 .2 6
a /
* — "C e n tra l Iowa Markets "  ( 4 ) ,  "F u tu res P r ic e s " (1 3 ) ,  Iowa Crop and
L iv e s to ck  R ep ortin g  S e rv ice (1 6 ) .
for calculating transaction results; the monthly figure 
was obtained by averaging all Thursday closing prices 
for the month. Costs of futures transactions were con­
stant at 1 cent per bushel for com and 2 cents per bushel 
for soybeans. When grain is stored for later sale, stor­
age rates typical of those quoted by Iowa elevators 
(com, 10 cents per bushel plus 2 cents per month after 3 
months; soybeans, 12 cents per bushel plus 2 cents per 
month after 3 months) are charged.
Cattle-marketing activities
For the yearling steer and heifer programs, the 
following strategies are available in addition to the 
cash market plan previously discussed:
1. Febmary-July hedge. During February when 
feeder animals are placed, an August futures contract 
is sold. An offsetting futures contract is purchased in 
July, near the date when slaughter animals are sold.
2. February-June hedge. This is the same as 
strategy 1 except that the offsetting futures purchase is 
made in June, a month before finished cattle are sold. 
Basis relationships may be more favorable at this time;
i.e., the futures price may be considerably below the 
cash price compared with the delivery month when the 
two prices tend to be equal.
3. April-July hedge. This is the same as strategy 1 
except that the August futures contract is not sold until 
April. The cattle are unhedged the first 2 months of the 
feeding period.
4. April-June hedge. Feeders placed in February 
are hedged in April, and the hedge is then lifted in 
June.
5. August-January hedge. Feeder animals are 
placed in August, and a February futures contract is 
sold. The hedge is maintained until the following Janu­
ary when slaughter animals are sold.
6. August-December hedge. This is the same as 
strategy 5 except that the hedge is lifted in December, 1 
month before the cattle are finished.
7. October-January hedge. This is the same as 
strategy 5 except that the February contract is not sold 
until October.
8. October-December hedge. August placements 
are not hedged until October, and the hedge is lifted in 
December.
Similar strategies are available for the steer calf 
program. These consist of the following:
1. October-July hedge. A hedge, using the August 
futures contract, is placed during October when feeder 
calves are placed. This hedge is maintained until July, 
when the cattle are sold.
2. October-June hedge. This is the same as strategy 
1 except that the offsetting purchase of the August 
futures contract is made in June.
3. December-July hedge. This is the same as 
strategy 1 except that the hedge is not placed until 
December.
4. December-June hedge. The August futures con­
tract is sold in December, and an offsetting purchase is 
made in June.
Feeding programs were entered as gross margin 
activities; for each futures marketing strategy, an
activity similar to the appropriate cash feeding pro­
gram was included. Cash returns were augmented with 
the results of futures market transactions with average 
futures prices obtained by using Wednesday closing 
prices. Again, gross margins used for each year of the 
model are linear trend estimates using data from 1966- 
77 as summarized in Table 5. The covariance coeffi­
cients were calculated by using the same data.
Input-Purchasing Activities
Input-purchasing activities secure inputs that are 
consumed in the production process. These include 
labor services and feed supplies.
Labor services
Labor services can be purchased in the form of a 
full-time hired man who provides labor services in the 
same quantity as the operator (Table 2). Wage cost is 
based on a monthly rate of $750 in 1977 and adjusted 
for different years by using the USDA wage rate index 
(U.S. Department of Agriculture, 48).
Feed supplies
Purchased feed supplies consist of com grain and 
soybean oil meal. Both input prices are yearly average 
prices. The com price is a northwestern Iowa price 
while the soybean oil meal price is the average price 
paid by Iowa farmers (U.S. Department of Agriculture, 
48).
Accounting Activities
Accounting activities account for family consump­
tion and the payment of taxes. These activities deter­
mine the amount of profits that the firm has available 
for investment.
Consumption
A regression equation using family expenditure 
data collected by the Iowa Cooperative Extension Ser­
vice (15) was used to estimate annual consumption.11 
The equation obtained is:
C = -37,416 + 619 Y + 0.041
(6691.906) (91.321) (0.009)
R2 = 0.78 [81
where
C is the amount of consumption expenditures
Y is the last two digits of the year, and
I is income.
In the model, consumption is calculated from the inter­
cept and the amount arising from the variable for the 
year. Fixed consumption is $10,864 in the first year, 
$11,484 in the second year, $12,104 in the third year, 
and $12,724 in the fourth year. Increases in consump­
tion in response to income are combined with the tax 
rate.
u The data were obtained from family living expenditure records 
kept by farm families throughout Iowa. Data for the years 1970, 
1972, and 1974 were used to derive the regression equation.
Taxes and income-related consumption
It is assumed that taxes plus the marginal propensi­
ty to consume from income account for 50 percent of 
cash receipts less cash expenses, depreciation, and fixed 
consumption. The 50-percent figure is somewhat arbi­
trary, but it is consistent with rates used in other stud­
ies (Boehlje and White, 2; and Chen, 5).
EMPIRICAL RESULTS
This section reports the results obtained when a 
quadratic program was used to solve the model dis­
cussed in the previous section.12 These solutions sug­
gest ways in which a farmer might organize his opera­
tion depending upon risk preferences. Two different 
models were solved. The first was the basic model, 
which includes only cash-marketing activities; the 
second model includes additional marketing options for 
crops and livestock.13
Basic Model
The efficiency frontier for the basic model is shown 
in Figure 3.14 The numbers along the curve represent 
points for which solutions are discussed in greater de­
tail. Legends along the frontier indicate points at which 
key changes occur in activities for the first year. Be-
12A number of algorithms have been developed to solve the QP 
problem (Sposito, 41; Frank and Wolfe, 10); such procedures, howev­
er, provide only one mean-variance solution. RAND has developed a 
parametric option that allows one to minimize variances for a num­
ber of different income levels (Cutler and Pass, 6). Consequently, it is 
a means of generating an efficiency frontier in essentially one com­
puter step. Extensive testing showed that the RAND QP program 
was best suited to solve the model being developed.
cause risk aversion increases as one moves left along 
the frontier, solution (1) in Figure 3 represents the 
highest degree of risk aversion analyzed, and solution 
(10) represents a point of risk indifference.
Initially, this frontier displays a linear segment 
until point (2) is reached; after that, the curve becomes 
concave. Along the linear segment, solutions differ pri­
marily in the amount of machinery and land held by 
the firm (the initial size) at the start of the planning 
horizon. Note that cattle are not included in the solu­
tion for the first year until midway on the frontier, 
solution (4).
The 4-year investment plan
Table 7 presents selected solution data for the 10 
points enumerated on Figure 3. These solutions indi­
cate investment plans that would be most efficient (in
13The marketing model was also resolved with capital gains on 
assets excluded from net worth. The most obvious effect o f excluding 
capital gains is that land purchasing is no longer a viable investment 
alternative; the returns that accrue from growing crops are not 
sufficient to justify buying land. When one considers the magnitude 
of past increases in land prices, it would seem that one cannot ignore 
capital gains in computing actual wealth. Another implication of 
excluding capital gains is that off-farm investments become more 
attractive. In addition, the firm uses less debt since available invest­
ments do not offer a large enough return to justify paying an interest 
rate of 9 percent or more. In comparing terminal solutions for the two 
marketing models, the one with capital gains excluded uses 28.9 
percent less borrowed funds throughout the horizon.
When capital gains are excluded, the desirability of feedlot in­
vestment improves relative to land purchases. Throughout much of 
the frontier, cattle feeding seems to be the major source o f net worth 
growth as risk aversion declines.
14The primal matrix for the basic model contains 133 rows, 124 
columns, and 1,062 nonzero elements. The block diagonal covariance 
matrix is 74 by 74 and contains 1,372 nonzero elements.
Figure 3. Efficiency frontier for the basic model.
Standard Déviation (dollars)
T a b le  7. F ou r-Y ear Investm ent P lan  f o r  th e  B a s ic  M odel. ___________________ _____________________________
S o lu t io n s __________ __ ____________________________________________________ S o lu t io n s
( 1 )
Terminal net worth (S) 502,684
Initial net worth ($) 310,782
Change in net worth ($) 191,902
Net worth change due to 
price appreciation ($) 172,951
Percent change due to 
price appreciation (%)
Standard deviation of 
terminal net worth ($) 9,960
Land (acres)
Initial owned land
Farm Size - Year 1
Farm Size - Year 2 130
Farm Size - Year 3
Farm Size - Year 4 130
Land rented - Year 1
Land rented - Year 2 0
Land rented - Year 3 0
Land rented - Year 4 0
Land purchased - Year 1
Land purchased - Year 2
Land purchased - Year 3
Land purchased - Year 4 0
Total land purchased
F e e d lo t  Investm ent
(head - capacity added)
Year 1 0
Year 2 333
Year 3 0
Year 4 jS
Total capacity added 113
(2 ) (3 ) (4 )
1 ,2 4 4 ,7 4 1
707 ,684
537 ,057
1 ,2 7 8 ,7 1 8
712 ,452
566 ,266
1 ,3 3 2 ,6 4 1
712 ,452
620 ,189
426 ,455 442 ,554 497 ,350
79 78 80
24 ,559 2 5 ,3 70 2 7 ,1 83
320 320 320
320 320 320
320 384 389
320 382 445
320 334 397
0 0 0
0 56 15
0 48 48
0 0 0
0 0 0
0 8 54
0 5 23
0 0 0
0 13 77
0 . 0 0
279 270 280
0 0 0
0 0 0
279 270 280
(5 ) (6 ) (7 )
1 ,3 7 0 ,8 7 3
712 ,452
6 58 ,421
1 ,4 1 4 ,0 3 5
712 ,452
701 ,583
1 ,4 5 8 ,2 6 9
712 ,452
745 ,817
524 ,024 540 ,329 576 ,475
78 77 77
2 8 ,870 31,854 36,221
320 320 320
320 562 589
521 539 541
474 491 493
426 443 445
0 237 190
124 133 96
48 48 48
0 0 0
0 5 77
77 81 47
29 37 0
0 0 0
106 123 125
34 83 137
235 235 203
23 0 0
0 0 0
292 318 340
(8 ) (9 ) (1 0 )
1 ,4 8 0 ,9 6 6
712,452
768 ,514
1 ,4 9 1 ,1 2 7
712 ,452
778 ,674
1 ,4 9 6 ,9 99
712,452
784,546
572 ,767 544 ,427 518,787
75 70 66
4 0 ,1 81 4 3 ,4 28 50,470
320 320 320
628 730 729
580 682 681
532 634 633
484 586 585
225 341 341
136 252 277
88 204 229
40 156 181
83 68 68
41 42 17
0 0 0
0 0 0
124 110 85
164 167 168
209 206 347
58 186 287
0 0 11
431 559 813
Debt U t i l i z a t i o n  ($ )
New b o rro w in g s  -  Y ear 1 1 7 ,5 41
New b orrow in gs  -  Year 2 43 ,635
New b orrow in gs  -  Year 3 4 4 ,7 83
New b orrow in gs  -  Y ear 4 2 3 ,856
2 7 ,3 28  2 7 ,4 8 7  2 7 ,4 80
1 56 ,480  164 ,744  2 91 ,808
9 1 ,5 09  5 3 ,9 66  181 ,790
5 3 ,7 08  5 0 ,9 53  1 17 ,998
3 9 ,964  6 7 ,1 59  2 75 ,897  
363 ,660  3 51 ,64 3  319 ,597  
2 14 ,73 4  233 ,304  158 ,857  
150 ,175  161 ,405  169 ,013
310 ,506  3 10 ,560  310,573 
314 ,332  313 ,583  313,787 
207 ,847  323 ,619  374,060 
2 29 ,80 8  312 ,995  479 ,432
terms of means and variances) for a farmer, given his 
present knowlege of the future. In reality, investments 
for the second through fourth years may not actually be 
made because results for the first year likely would not 
occur exactly as expected. At the end of the first year, a 
farmer would revise his investment plan on the basis of 
actual performance and new information. Results for 
the 4 years are provided to show the initial estimate of 
the dynamic growth path.
Solutions for greater levels of risk aversion, solu­
tions (1) through (5), indicate that a willingness to 
accept more risk can result in significantly higher ex­
pected wealth. Terminal net worth increases $868,189 
or 172.7 percent between solution (1) and solution (5); 
at the same time, the standard deviation of net worth 
increases by 189.9 percent. Solutions with more risk 
than solution (5) show little improvement in net worth, 
but standard deviations increase quite rapidly. From 
solution (5) to solution (10), net worth increases only 9.2 
percent while the standard deviation increases 74.8 
percent.
All solutions indicate that net worth is expected to 
increase significantly over the 4-year planning horizon. 
The rate of increase for solution (1), the most risk- 
averse solution, is 61.7 percent; solutions with more 
risk show even higher rates of increase, with a 110.1 
percent growth in net worth over time for solution (10). 
At higher levels of risk aversion, this gain is more a 
result of asset appreciation than of accumulated earn­
ings. For example, in solution (1), 90.1 percent of ex­
pected net worth gain is attributed to asset apprecia­
tion. At lower levels of risk aversion, accumulated sav­
ings become a more important factor in net worth 
growth; in solution (10), for example, only 66.1 percent 
of the gain results from asset appreciation. Although 
data on expected land-value increases are not shown for 
each solution, this is the main source of capital gain 
additions to net worth. For example, in solution (5), 
land values are expected to appreciate $540,664, and, in 
solution (10), appreciation in land values is expected to 
amount to $547,318. In both cases, the amount of in­
crease in land values is greater than total capital gains; 
the reason is that machinery values decline with time, 
thereby partly offsetting increases in land values.
Land and machinery
The land base consists of acreage owned at the 
beginning of the planning period, rented land (a max­
imum of 320 crop acres or 341.3 actual farm acres), and 
land purchases during the planning horizon. Solution 
(1) indicates that a farmer who is highly averse to risk 
would operate a very small farm; total acreage is only 
130 acres, and additional land purchases are not made 
nor is land rented during the planning horizon. As risk 
aversion decreases, farm size increases, with farm 
acreage in year 4 expanding steadily to a maximum of 
586 acres in solution (9).
In solutions (1) and (2), the size of the cropping 
operation is not increased over time beyond that initial­
ly owned. Beginning with solution (3), however, the 
farm is expanded over time by using both purchasing 
and rental options. Generally, peak acreages occur in 
the second or third years for solutions (3) through (5). 
Acreage declines in the later years for these solutions
78
because purchased land is being substituted for rented 
land. Purchased land requires more capital and injects 
more variability into net worth than does rented land; 
hence, fewer acres are farmed.15 In solutions (6) 
through (10), acreage farmed shows an overall decline 
throughout the horizon. This is caused by the addition 
o f  rented land during the first year and the substitution 
o f  purchased land for rented land in later years. Again, 
purchased land is used on a smaller scale than is rented 
land.
The stock of machinery owned each year is deter­
mined by two factors: the amount of land farmed and 
the amount of obsolete machinery removed from the 
original inventory each year. Thus, machinery pur­
chases are made to adjust to increases in farm size and 
to replace items that are no longer reliable. Although 
not shown in the table, machinery stock follows the 
same adjustment pattern as that noted for farm 
acreage.
Feedlot capacity
At high levels of risk aversion, i.e., solutions (1) 
through (4), no feedlot capacity is built during the first 
year. Feedlot capacity is added in the second year, 
increasing from 113 head in solution (1) to 280 head in 
solution (4), but no further capacity expansions are 
planned in either the third or fourth year.
In solution (5), a 34-head capacity feedlot is built in 
the first year, and total capacity throughout the 4-year 
horizon is increased to 292 head. In solutions (6) 
through (10), cattle feeding becomes a more significant 
part of the farm operation as total capacity additions 
during the 4 years amount to 318 head for solution (6) 
and increase to 813 head for solution (10). In moving 
from solution (9) to (10), a significant increase—254 
head—occurs in total feedlot capacity built during the 
planning horizon.
15Purchased land directly affects net worth; in addition, crop 
receipts and expenses are higher for an acre of owned land than they 
are for an acre of rented land. Consequently, additions to variances 
resulting from crop production would be higher on owned land.
Table 8. The F irst Year Production Plan fo r  the Basic Model.
Financial
In general, declining risk aversion is reflected in 
more use of debt; in solutions (1) through (7), use of 
borrowed money becomes increasingly more extensive 
as the scale of farming operations increases. Total new 
borrowings throughout the horizon amount to $297,150 
in solution (3) and $923,364 in solution (7).16 Additional 
borrowings, however, would be possible in all years, 
with the exception of the second year in solutions (5) 
through (7). In solutions (8) through (10), unused bor­
rowing capacity is steadily reduced, and borrowing in­
creases until capital becomes a limiting factor through­
out the horizon in solution (10). Off-farm investments 
are made in the first year of solutions (1) through (5), 
ranging in amount from $44,000 to $50,000. In solu­
tions (1) and (2), off-farm investments of $26,000 to 
$34,000 also are made in the third year.
Labor
At high levels of risk aversion, little or no outside 
labor is required. Labor is first hired in solution (5) 
during the second and third years. In solutions (5) 
through (8), peak hirings occur in the second year of the 
horizon. In these solutions, acreages farmed during the 
third and fourth years decline sufficiently to reduce 
labor requirements (cattle feeding expands little or not 
at all after the second year). In solutions (9) and (10), 
labor hirings remain fairly stable over time, fluctuat­
ing between 0.4 and 0.6 man per year.
First-year production plan
Table 8 presents information on the cropping and 
livestock production plan for the first year of the basic 
model. Data are provided for the same solutions pre­
sented in Table 7.
As risk aversion decreases, crop acres in the first 
year increase from 122 acres in solution (1) to 684 acres
16These figures are the sum o f all planned new borrowings during 
the 4-year horizon.
Solutions
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Total crop acres 122 300 300 300 300 527 553 588 684 684
Total ca tt le  fed 0 0 0 0 34 166 274 329 335 336
Crop plantings (acres) 
Corn grain 68 168 168 169 164 292 313 282 292 337
Com sila g e 17 41 42 43 42 50 53 50 50 55
Soybeans 37 91 90 89 94 185 187 257 342 291
a/Cattle program (head)—
Yearling Steers -  
February 0 0 0 0 0 0 0 164 167- 168
Yearling Steers -  
August 0 0 0 0 0 0 0 0 0 0
Yearling H eifers -  
February 0 0 0 0 0 83 137 0 0 0
Steer Calves -  
October 0 0 0 0 34 83 137 164 167 168
3  /
— The month indicates the time o f  placement.
in solution (9). No cattle appear before solution (5) in 
which 34 head are fed during the first year. Further 
decreases in risk aversion lead to more cattle feeding 
until a plateau of approximately 330 head is reached in 
solution (8).
Heavy emphasis on soybeans is avoided at high 
levels of risk aversion because of the greater variability 
of soybean prices compared with com. Soybeans do not 
account for the maximum allowable 50 percent of crop 
acreage on owned land until solution (6), and, on rented 
land, maximum soybean acreage is planted only in 
solution (9).
The cattle feeding program shows some major 
changes as risk aversion decreases. In solutions (1) 
through (4), no cattle are fed; then in solution (5) place­
ments of October steer calves are begun. In solutions (6) 
and (7), February heifers are added to fill the lot during 
the first half of the year. In solutions (8) through (10), 
yearling steers instead of heifers are fed in the first part 
of the year; however, steer calves still are fed in the last 
half of the year.
Marketing Model
Because the complete marketing model was too 
large to be solved by the computer package efficiently, 
all marketing activities except the cash strategies used 
in the basic model were initially eliminated from the 
second through fourth years.17 This sufficiently re­
duced the size of the model so that a complete paramet­
ric run could be made. Because the covariance matrix is 
independent among years, marketing activities that 
appeared in the first year likely would be used in subse­
quent years.
An analysis of the first-year marketing results 
showed that only one or two marketing strategies were 
used for each crop or livestock product for most solu­
tions; therefore only those marketing activities used 
with any frequency throughout the frontier were re­
tained. Marketing activities similar to those dominant 
in the first year were then specified for the second 
through fourth years. In the final run of the marketing 
model, the following marketing activities were used in 
each of the 4 years:18 
1. Com
June-March hedge
August-June hedge
17The primal matrix of the complete marketing model contains 
133 rows, 268 columns, and 2,153 nonzero elements. The block di­
agonal covariance matrix is 218 by 218 and contains 11,884 nonzero 
elements.
18The August heifer feeding program was eliminated from the 
analysis because it was never used in any solution. The most profit­
able marketing activities for com , soybeans, August yearling steers, 
and February heifers also were excluded because they either never 
entered the solution or did so only at the solution reflecting risk 
indifference. Because these options were so seldom used, it did not 
seem practical to include them. For these four production activities, 
the second most profitable marketing strategies were included in the 
model. Differences in profitability between the most profitable and 
second most profitable means of marketing were quite small, i.e., 2 
cents per bushel for corn, 14 cents per bushel for soybeans, $6.72 in 
gross margins per head for February heifers. For the cattle programs, 
the second most profitable activities are only about 3 percent less 
profitable than the most profitable activities.
2. Soybeans 
June-March hedge 
Cash sale in June
3. February yearling steers 
April-June hedge 
April-July hedge
4. August yearling steers 
October-December hedge
5. February heifers 
April-July hedge
6. October calves 
Cash sale
October-June hedge
Figure 4 shows the efficiency frontier for the 
marketing model.19 Similar to earlier results, this effi­
ciency frontier also is linear until solution (2) is 
reached; in this range, solutions differ primarily in 
initial ownership of land and machinery. In this model, 
however, cattle are fed during the first year throughout 
the entire frontier, which is quite different from the 
basic model.
The 4-year investment plan
Table 9 presents selected data for the 10 solution 
levels shown in Figure 4. In moving from solution (1) to 
solution (5), terminal net worth increases 112 percent 
while the standard deviation of net worth increases 
145.5 percent. In contrast, in moving from solution (5) 
to (10), terminal net worth increases only 6.4 percent 
while the standard deviation increases 78.7 percent. 
Increases in wealth can be achieved in this part of the 
frontier only if one is willing to accept rather large 
increases in net worth variability.
All solutions show significant increases in net 
worth over the 4-year planning horizon. Even the most 
risk-averse solution shows a 76.7 percent improvement 
in net worth; the largest increase occurs in solution (10) 
in which terminal net worth increases by almost 120 
percent over initial net worth. For all solutions, net 
worth improvement is largely a result of appreciation 
in the value of owned assets.
Land and machinery
As in the basic model, risk aversion is clearly re­
flected in the size of farm operated. At the highest level 
of risk aversion, solution (1), farm acreage in year 4 is 
only 207 acres. In moving to a midpoint on the frontier, 
solution (5), farm size in year 4 increases to 453 acres. 
From solutions (5) through (10), farm size in year 4 
increases to 697 acres. These results strongly suggest 
that decreases in risk aversion allow an increase in 
farm size.
In all solutions, acreage is added to the farm during 
the planning horizon. In solutions (1) and (2), land 
expansion consists of small amounts of both rented and 
purchased land in the second and third years. Begin­
ning with solution (3), land rental is undertaken in the 
first year, and in that and all subsequent solutions,
19The primal matrix of this model contains 133 rows, 140 col­
umns, and 1,187 elements. The block diagonal covariance matrix is 
90 by 90 and contains 2,028 nonzero entries.
Standard Deviation (dollars)
Figure 4. Efficiency frontier for the marketing model.
Table 9 . F our-Y ear Investm ent P lan f o r  the M arketing M odel.
S o lu tio n s ____________________________________________________________________ S o lu t io n s
(1 ) (2 ) (3 ) (4 ) (5 ) (6 ) (7 ) (8 ) (9 ) (1 0 )
Terminal net w orth ($ ) 691 ,64 6 1 ,3 1 2 ,0 1 8 1 ,3 5 4 ,4 5 8 1 ,4 3 0 ,0 2 1 1 ,4 6 6 ,4 7 6 1 ,4 9 7 ,1 0 3 1 ,5 2 9 ,5 7 2 1 ,5 4 3 ,9 5 8 1 ,5 5 3 ,6 9 4 1 ,5 6 0 ,7 7 2
I n i t i a l  net w orth  ($ ) 391 ,367 705,035 712,452 712,452 712,452 712,452 712,452 712,452 712,452 712,452
Change in  n et w orth  ($ ) 
Net worth change due to
300 ,279 606 ,98 3 642 ,005 717 ,569 754 ,024 784,651 817 ,12 0 831 ,506 841 ,24 8 8 48 i 320
p r ic e  a p p r é c ia t io n  ($ ) 
Percent change due to
256 ,79 3 489 ,018 5 14 ,59 7 544 ,045 557 ,868 560 ,264 557 ,967 564 ,697 565 ,95 0 556 ,58 1
p r ic e  a p p r é c ia t io n  (%) 85 81 80 76 74 71 68 68 67 66
Standard d e v ia t io n  o f
term inal net w orth ($ ) 11,144 21,092 2 1,8 94 24 ,8 45 27 ,3 57 30,466 35 ,3 03 38,666 42 ,6 90 48 ,8 81
Land (a c r e s )
I n i t i a l  owned land 169 320 320 320 320 320 320 320 320 320
Farm S ize  -  Year 1 169 320 432 478 597 706 723 722 721 731
Farm S ize  -  Year 2 244 403 - 513 539 549 658 773 775 781 793
Farm S ize  -  Year 3 255 430 465 491 501 610 725 727 733 745
Farm S ize  -  Year 4 207 394 417 443 453 562 677 679 685 697
Land rented  -  Year 1 0 0 112 158 265 341 341 341 341 341
Land rented  -  Year 2 49 28 126 112 115 220 341 341 341 341
Land rented  -  Year 3 19 36 48 48 48 155 263 256 261 293
Land rented -  Year 4 0 0 0 0 0 107 215 208 213 245
Land purchased -  Year 1 0 0 0 0 12 45 62 61 60 70
Land purchased -  Year 2 26 55 67 107 102 73 50 53 60 62
Land purchased -  Year 3 12 19 30 16 19 17 31 37 32 0
Land purchased -  Year 4 0 0 0 0 0 0 0 0 0 0
T otal land purchased 
F eedlot Investm ent
38 74 97 123 133 135 143 151 152 132
(head -  c a p a c ity  added)
Year 1 132 251 247 318 326 216 179 184 186 163
Year 2 0 0 0 0 0 107 150 125 109 86
Year 3 15 22 36 49 90 111 133 159 188 294
Year 4 0 0 0 0 0 0 0 0 26 150
T otal ca p a c ity  added 147 273 283 367 416 435 462 468 509 693
Debt U t i l i z a t io n  ($ )
New borrow ings -  Year 1 56 ,209 142,222 147 ,340 206 ,167 290 ,932 312 ,985 311,586 311,593 311 ,601 310 ,480
New borrow ings -  Year 2 102 ,487 218 ,369 234 ,322 347,820 335,672 321 ,754 315 ,890 316,228 316 ,573 313 ,102
New borrow ings -  Year 3 6 8 ,4 63 158,587 175 ,988 222 ,738 275 ,793 292 ,628 339 ,293 361,830 359 ,029 357,662
New borrow ings -  Year 4 80 ,470 161,491 168,496 184,975 197 ,613 212,944 232 ,28 8 235,842 284 ,68 3 470 ,322
land rental is greatest in the first 2 years and declines 
rather sharply in years 3 and 4. For example, in solu­
tion (5), 265 acres are rented in the first year, but no 
land is rented in the fourth year. This pattern of land 
rental causes overall acreage farmed to decline over the 
4-year period for solutions (3) through (10). In some 
cases, the decline shown is rather large; e.g., in solution 
(5), the reduction amounts to 144 acres or 24.1 percent 
of the acreage farmed in the first year. The decline in 
total acreage farmed again seems to be the result of 
purchased land being substituted for rented land; the 
firm cannot maintain the same size acreage with 
purchased land that it can when more reliance is placed 
on rented land.
, Land purchases total 38 acres in solution (1), in­
crease to a maximum of 152 acres in solution (9), then 
fall to 132 acres in solution (10). This decline in land 
purchases between the last two solutions seems to be a 
result of a significantly greater emphasis on cattle feed­
ing as feedlot capacity in the fourth year increases 184 
head between solutions (9) and (10). The amount of 
machinery stock owned in each year closely parallels 
the amount of acreage farmed.
Feedlot investment
Cattle feeding is feasible beginning the first year 
throughout the entire frontier. Even for the highest 
level of risk aversion studied, solution (1), feedlot space 
for 132 head is built in the first year. As risk aversion 
decreases, feedlot investment during the first year in­
creases rapidly, reaching a peak o f326 head in solution 
(5). In solutions (1) through (5), additional investments 
in feedlot capacity are made in the third year. General­
ly, these investments are much smaller than those 
made in the first year; in solution (1), capacity is in­
creased only 15 head, or 11 percent, in year 3, and in 
solution (5), 90 head of capacity is added, a 27.6-percent 
increase.
In moving from solution (5) to solution (6), feedlot 
capacity built in the first year is reduced 110 head. To 
offset this, capacity is added in the second year and 
increased in the third year, resulting in an increase of 
19 head in total ending capacity compared with solu­
tion (5). From solutions (5) to (8), capacity in year 4 
increases only 50 head, but land purchases also are 
being increased. In this part of the frontier, the expan­
sion is diversified between land and cattle. Finally, in 
moving from solution (8) to (10), total feedlot invest­
ment increases 225 head while total land purchases 
decline 19 acres. In this part of the frontier, feedlot 
investments dominate land investments.
Financial
The data on borrowing activities indicate that risk 
aversion again is associated with the conservative use 
of credit. In solutions (1) through (3), credit is not used 
extensively, and rather large sums of additional 
money, ranging from $100,000 to $300,000, can be bor­
rowed in each year. In solutions (4) through (10), large 
investments in land and feedlot facilities cause unused 
borrowing capacity to be steadily reduced. The total of 
new borrowings throughout the horizon increases from
$961,700 in solution (4) to $1,451,566 in solution (10). 
Capital does not become restrictive throughout the 
horizon until solution (10). Off-farm investments are 
not made in any solutions.
Labor
At high levels of risk aversion, no outside labor is 
hired. Beginning with solution (4), labor is hired in all 4 
years, with a maximum of 0.8 hired man in the last 2 
years of solution (10). In these solutions, labor demands 
during spring planting create the need for hired labor 
in all 4 years of the planning horizon. In the last 2 years 
of the horizon, less labor is needed for crops, but this is 
offset by the need for more labor to feed cattle. Conse­
quently, more labor is hired in the last 2 years of the 
horizon than in the first 2 years for solutions (4) 
through (10).
First-year production and marketing plan
Table 10 shows selected data for the cropping and 
livestock plan for the first year of the marketing model. 
The solutions summarized are for the same net worth 
levels as those listed in Table 9. As risk aversion de­
creases, total crop acreage increases rapidly until solu­
tion (6); for less risk-averse solutions (7) through (10), 
first-year plantings fluctuate between 676 and 686 
acres. Risk aversion also affects crops planted and the 
choice of marketing activities. Solutions (1) through (3) 
do not include any soybean acreage, and soybean pro­
duction does not account for the maximum allowable 
half of crop acres until solution (6). Clearly, a farmer 
who wants to avoid risk would not want to emphasize 
soybean production.
Peak com production o f373 acres occurs in solution 
(3), with the crop plan consisting of only com grain and 
com silage. In solution (4), 150 acres of soybeans are 
planted, and com acreage drops by 118 acres. In subse­
quent solutions, soybean production is steadily in­
creased until a plateau of about 340 acres of production 
is attained in solutions (7) through (10). In solutions (7) 
through (10), com grain production fluctuates between 
290 and 310 acres, and silage accounts for 30 to 50 
acres. Silage production declines after solution (8) be­
cause feedlot capacity added during the first 2 years is 
reduced, and fewer cattle are being fed in the second 
year (Table 9).
In solutions (1) through (3), approximately 75 per­
cent of com production is marketed by using the June- 
March hedge, and the rest is fed to cattle. All com 
produced is fed to cattle in solutions (4) through (8). In 
solutions (9) and (10), com again is sold, but the Au- 
gust-June hedge is used. In solution (10), 41 percent of 
the com grain, or 10,330 bushels, is sold by using the 
August-June hedge.
Soybean marketing activities also change as risk 
preferences change. In solutions (4) and (5), all soy­
beans are sold by using the June-March hedge. Then in 
solutions (6) and (7), the riskier activity of selling soy­
beans for cash in June begins to replace the hedging 
option. In solutions (8) through (10), June cash sales are 
totally dominant.
For high levels of risk aversion, solutions (1)
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Table 10. The First Year Production and Marketing Plan for the Marketing 
Model
Solutions______________________________ _____________________ Solutions
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Total crop acres 159 300 405 448 560 662 678 677 676 686
Total cattle fed 187 351 372 506 597 430 331 353 377 326
Crop plantings (acres) 
Corn grain 141 267 373 255 305 283 290 289 298 310
Corn silage 17 33 32 43 48 48 49 49 40 33
Soybeans 0 0 0 150 206 331 339 338 338 343
Disposition of corn 
(bushels)
Fed to cattle 3,829 7,757 9,277 19,898 22,686 22,371 23,088 23,040 18,739 14,998
Sold June-March hedge 11,708 21,662 26,005 0 0 0 0 0 0 o
Sold August-June hedge 0 0 0 0 0 0 0 0 5,194 10,330
Total corn 15,537 29,419 35,282 19,898 22,686 22,371 23,089 23,040 23,933 25,328
Disposition of soybeans 
(bushels)
Sold June-March hedge 0 0 0 6,000 7,241 8,221 927 0 0 o
Sold in June - cash 0 0 0 0 0 1,816 9,434 10,337 10,313 10,511
Total soybeans 0 0 0 6,000 7,241 10,038 10,361 10,337 10,313 10,511
Cattle (head)
Yearling Steers - 
February-
Sold April-June hedge 0 0 0 0 0 0 0 0 0 163
Sold April-July hedge 0 0 0 0 95 216 179 184 188 0
Yearling Steers - 
August-
Sold October-December hedge 54 100 125 189 271 214 131 112 91 0
Yearling Heifers - 
February-
Sold April-July hedge 132 251 247 317 231 0 0 0
58
0 o
Steer Calves - 
October— ' 
Sold cash 0 0 0 .0 0 0 21 97 163
through (4), the feedlot is filled with yearling heifers 
during the first part of the year and partly filled with 
yearling steers during the last half of the year. These 
steers and heifers are marketed with a hedging pro­
gram (April-July hedge for heifers and October- 
December hedge for steers). In solution (5), yearling 
steers begin to replace heifers in the February-July 
period (95 steers and 231 heifers) and, in solution (6), 
the cattle feeding program shifts entirely to yearling 
steers marketed with a hedging strategy. In solution 
(7), another shift occurs as October steer calf place­
ments are substituted for August yearling steers. These 
calves are marketed with a cash program. This con­
tinues until solution (10), at which point August year­
ling steers are no longer fed. The only change over the 
efficiency frontier in cattle marketing plans involves 
February yearling steers. In solutions (5) through (9), 
February yearling steers are sold by using the April- 
July hedge; in solution (10) a switch is made to the 
higher-profit, but riskier, April-June hedge.
Comparison of the Two Models
This section highlights the impact that the use of 
hedging strategies can have on optimal farm plans. 
Figure 5, which shows the efficiency frontiers for both 
models, indicates that the frontier for the marketing 
model is rotated outward from the frontier of the basic 
model in a nonparallel fashion. The replacement of 
cash marketings with hedging strategies has changed 
the distribution of returns on grain and livestock pro­
duction and thus caused the shift in the frontier. The
frontier for the marketing model is more favorable to a 
farmer, with the gains greatest at higher levels of risk 
aversion. For example, in moving from point (2) on the 
frontier for the basic model (EFB) to point (2) on the 
marketing model frontier (EFM), expected net worth is 
increased 5.4 percent while the standard deviation de­
clines 14.1 percent.20 Comparing solutions (8), a move 
from EFb to EFM increases net worth 4.3 percent while 
the standard deviation decreases only 3.8 percent.
Net worth
As indicated by evaluating comparable solutions 
from Tables 7 and 9, the use of hedging strategies 
allows the farmer to both increase expected wealth and 
reduce variability. Maximum improvement in ex­
pected wealth occurs between solutions (1)—a 37.6 per­
cent increase. Reductions in net worth variability are 
most pronounced at high levels of risk aversion.
With the marketing model, asset appreciation 
generally is less important as a source of net worth 
growth, particularly in the middle of the frontier. Com­
paring solutions (6), the basic model achieves 77 per­
cent of its increase in wealth from asset appreciation
20The numbers along the two frontiers represent the 10 solutions 
previously discussed. With the exception of the first solution [the QP 
program did not output any solutions for the basic model between 
solutions (1) arid (2)], the solutions were chosen so that the same 
numbered solutions would represent the strategies that would be 
chosen by the same person, e.g., a person who would select solution 
(5) on EFb would also choose solution (5) on EFM. The criterion used 
in matching solutions is that the efficiency frontiers should have 
about the same slopes.
(6)
Figure 5. Efficiency frontier for the basic model (EFB) and the marketing model (EFM).
while the comparable figure for the marketing model is 
71.4 percent. Both models show two-thirds of net worth 
growth coming from asset appreciation in solution (10).
Four-year investment plans
Addition of hedging activities to reduce risk clearly 
allows the farmer to operate a large size farm. Again, 
when data from Tables 7 and 9 are examined at compa­
rable solutions, more land is operated with the market­
ing model in almost all years; never is farm acreage 
smaller in the marketing solutions. Farm acreage is 
larger in the marketing model because more rented and 
purchased land is farmed. From 12 to 74 more acres are 
purchased throughout the horizon when hedging 
strategies are utilized, with larger differences occur­
ring in the less risk-averse solutions. Because the 
marketing model includes more acres, it also requires 
the use of a larger machinery stock.
Differences in feedlot investments tend to be less 
pronounced than for land, although with the marketing 
model, more feedlot investment is typically made in the 
first year. The exception occurs at solutions (10) in 
which a farmer who uses only cash marketings would 
build a slightly larger (5 head) feedlot in the first year. 
For the 4-year period, about one-third more feedlot 
capacity is added in the marketing model for solutions 
(4) and (6). In solution (2), total feedlot investment is 6 
head larger in the basic model, and in solution (10), the 
basic model includes 120 more head capacity at the end 
of the planning horizon.
The data on borrowings show that hedging and 
diversified marketing allow a farmer to assume larger
financial risk. Borrowing capacity is always more 
heavily used when hedging strategies are available, 
and this translates into the use of more borrowed 
money in all solutions except (10). For example, total 
new borrowings are 15.3 percent ($163,000) greater in 
the marketing model at solutions (8). In comparing 
borrowings at solution (4), there is a difference of 
$342,624, which translates into a 55-percent greater 
use of credit with the marketing model. Off-farm in­
vestments are included only in the more risk-averse 
basic model solutions, primarily during the first year 
(about $50,000).
More labor tends to be hired in the marketing model 
since more land is farmed. As noted previously, time 
requirements needed for spring planting create the 
need for outside assistance in both models.
Differences in first-year production plans
At both the highest and lowest levels of risk aver­
sion, both models include about the same amount of 
cropland in the first year; the marketing model, howev­
er, includes 148 more acres in solution (4) and 135 more 
acres in solution (6) than does the basic model. In gener­
al, most of the com produced is fed to cattle in both 
models, although more com is sold as grain in the 
marketing model. With the exception of solutions (1) 
through (3) and (9), the marketing model provides a 
higher volume of soybean sales. For all solutions, the 
marketing model generates more revenue from crop 
sales.
Cattle placements during the first year are much 
higher in the marketing model except at solutions (10).
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When feeding programs at solutions (6) are compared, 
the marketing model shows specialization in yearling 
steers, and the basic model has heifers placed in Febru­
ary followed by steer calves in October. In solutions (8), 
the programs became more similar as both models 
place only yearling steers in February; however, the 
marketing model feeds both yearling steers and steer 
calves in the last half of the year. At solutions (10), both 
models feed February yearling steers and October steer 
calves.
Implications
In general, the addition of hedging strategies and 
diversified marketing provides a farmer with the op­
tion of choosing a farm organization with both higher 
expected net worth and lower variability than if just 
cash marketings are used. The most noticeable changes 
are that more aggressive land use and financial plans 
can be followed. In some cases, the addition of market­
ing activities allows farm acreage to be increased as 
much as 50 percent. Also, in comparing total new bor­
rowings, credit use is as much as 55 percent greater in 
the marketing model.
Differences in the cattle program are not as pro­
nounced, although cattle feeding in the marketing 
model tends to be larger in the first year. In addition, 
cash grain sales seem to be a more important source of 
net worth growth in the marketing model than in the 
basic model.
SUMMARY
This study was undertaken to determine ways in 
which a cattle feeder could cope with risk. A cattle 
feeder was analyzed for two reasons: (1) Cattle feeding 
is an important enterprise in Iowa, particularly in the 
northwestern part of the state; and (2) cattle feeding is 
recognized as one of the riskier agricultural activities. 
One of the major sources of risk in agriculture is price 
variability, and in recent years, this has become even 
more critical. This model focuses on risk arising from 
fluctuations in crop and cattle prices and variation in 
crop yields. A farmer is allowed to manage risk through 
the choice of investment, financial, production, and 
marketing strategies. Thus, considerable latitude in 
managing risk was allowed; e.g., an extremely cautious 
investment plan or financing could be followed so that a 
riskier production plan could be adopted. The most 
flexibility allowed was in marketing activities to deter­
mine if such options would allow riskier production or 
investment plans.
A review of the literature suggested that maximiza­
tion of expected utility would be the best method to use 
in analyzing decision making under uncertainty. Since 
the expected utility problem could be transformed into 
a mean-variance analysis, quadratic programming was 
used to solve the numerical model. A multiperiod model 
was constructed to provide a more accurate evaluation 
of future flows of services from investments. Likewise a 
net worth objective function, incorporating terminal 
asset values, was used to reflect appreciation in asset 
values.
The model was developed for a representative farm 
in northwestern Iowa. Options that a farmer could 
choose among included: (1) investment in land, machin­
ery, feedlot capacity, and financial assets; (2) produc­
tion of corn, soybeans, and slaughter cattle; and (3) a 
number of cash and futures marketing activities for 
produced commodities. Although secondary sources 
were used to derive technical coefficients, the model 
sufficiently reflects reality so that prescriptive, 
meaningful results were obtained. The solutions gener­
ated suggest ways in which a farmer might structure 
his operation, depending upon his attitude toward risk.
Two different models were solved, the basic model, 
which included only cash marketings, and the market­
ing model, which included additional marketing 
strategies such as hedging. Key results from these mod­
els are:
1. Increases in risk aversion require decreases in 
farm size; this reduction in size is evidenced by a decline 
in acreage farmed and fewer cattle being fed. Scale 
adjustments are larger at high levels of risk aversion. 
By using the marketing model as an example, when we 
move from the least risk-averse solution, solution (10), 
to a point midway on the frontier, solution (5), ending 
net worth declines 6.0 percent, ending farm acreage 
declines 35 percent, planned feedlot investment de­
clines 40 percent, and total new borrowings decline 24.2 
percent. In moving from solution (5) to the most risk- 
averse solution, solution (1), ending net worth declines 
52.8 percent, ending farm acreage declines 54.3 per­
cent, planned feedlot investment declines 64.7 percent, 
and total new borrowings decline 72 percent.
2. Risk aversion also is reflected in aversion to 
debt. At high levels of risk aversion, considerable 
amounts of additional funds could have been borrowed 
(as much as $300,000 in some years). As risk aversion 
decreases from the highest levels analyzed, the asset 
base of the firm gets larger, which, in turn, increases 
borrowing ability. However, while borrowing ability is 
increasing in absolute amounts, the amount of unused 
borrowing capacity declines. By using the marketing 
model as an example, total credit obtained throughout 
the horizon amounts to $307,629 in solution (1), 
$1,100,010 in solution (5), and $1,451,566 in solution 
(10). Borrowing ability is a limiting resource at some of 
the higher risk solutions.
3. At lower levels of risk aversion, solutions (5) 
through (10), modest improvements in wealth are 
possible if one is willing to expand both acreage and 
cattle-feeding operations. These increases in net worth, 
however, are costly in terms of variability—in compar­
ing solutions (8) and (10) when only cash marketings 
are possible, net worth increases only 1.1 percent while 
the standard deviation of net worth increases 25.6 per­
cent.
4. The introduction of additional marketing activi­
ties such as hedging has several effects upon farm 
organization. The most obvious is that it allows more 
aggressive investment and production strategies. At 
comparable solutions, from 12 to 74 more acres are 
purchased throughout the planning horizon, and farm 
acreage is never smaller when hedging strategies are
available. At high levels of risk aversion, the added 
marketing activities allow up to 60 percent more acres 
to be farmed. The higher acreages farmed allow a far­
mer to produce more cash-grain crops.
5. Total feedlot investment often is higher when 
only cash sales are allowed; when hedging strategies 
are available, however, feedlot capacity is expanded 
earlier so that more cattle generally are fed throughout 
the entire 4-year horizon. Because of the larger invest­
ments in land as well as greater crop and livestock 
production, more credit is used when hedging 
strategies are available. At higher levels of risk aver­
sion, total borrowings over 4 years in the marketing 
model are almost double borrowings in the basic model, 
yet the variability of net worth is lower with the 
marketing model.
6. The additional marketing strategies provide 
more benefits in managing risk for highly risk-averse 
farmers than they do for those more indifferent to risk. 
For example at solutions (2), the marketing model re­
sults in a 5.4-percent increase in ending net worth and 
a 14.1-percent reduction in the standard deviation com­
pared with the basic model. In contrast, at higher-risk 
solutions, solutions (8), the marketing model has a 
4.3-percent higher net worth, but the standard devia­
tion is lowered only 3.8 percent.
7. Maximum net-worth growth over the horizon 
requires a high level of cattle feeding compared with 
solutions offering slightly lower terminal net worth. In 
the basic model, movement from solution (9) to solution 
(10), the highest risk solution, requires a 254-head- 
larger feedlot investment (over 4 years) to obtain an 
increase of only $5,872 in terminal net worth. This 
modest improvement (0.4 percent) necessitates a 16.2- 
percent increase in the standard deviation. In the 
marketing model, movement from solution (9) to (10) 
requires a 184-head-larger feedlot investment (over 4 
years) and the purchase of 20 fewer acres. Ending net 
worth increases only $7,078 (0.5 percent), but the stan­
dard deviation of net worth increases 14.5 percent in 
this case. At low levels of risk aversion, the cropping 
and livestock programs are quite competitive for avail­
able funds, but rather major shifts in the farming op­
eration (for example, large increases in cattle feeding) 
increase terminal net worth only marginally. These 
slight increases in net worth require that a farmer be 
willing to accept a substantial increase in variability.
8. Risk aversion in the cropping programming re­
quires emphasis on com production. When additional 
marketing strategies are available, highly risk-averse 
farmers would prefer using the June-March hedge to 
cash sales of com. For those more indifferent to risk, the 
August-June hedge is indicated to be a more desirable 
marketing tool.
9. At high levels of risk aversion, no more than 30 
percent of crop acreage is planted to soybeans when 
only cash marketings are possible. When hedging 
strategies can be used, com production is substituted 
for soybeans, and no soybean acreage is planted at high 
levels of risk aversion. When soybeans are grown in a 
marketing model solution, the June-March hedge is 
shown to be a less risky selling option. Maximum soy­
bean acreage (50 percent of cropland) is planted and 
sold for cash in June when risk is not a major concern to 
a farmer.
10. Land investments do not totally dominate in­
vestments in cattle-feeding activities. In both models, 
feedlots are built throughout the frontier. Thus, cattle 
feeding is compatible with grain production for farmers 
willing to take even limited risk.
11. As to cattle production, risk-averse farmers 
should place heifers in February and yearling steers in 
August. For one less averse to risk, the February year­
ling steer and October steer calf programs are more 
desirable.
12. The m ost a ttractive  cattle-m arketing 
strategies are (1) an April-July hedge for February 
yearling steers except at high-risk solutions when the 
April-June hedge is used, (2) an October-December 
hedge for August yearling steers, (3) an April-July 
hedge for February heifers, and (4) cash sales for Octo­
ber steer calves.
13. Others have shown that risk aversion leads to a 
diversified marketing program for cattle feeders; i.e., it 
is desirable to market a given lot of cattle by using 
several different selling strategies (Leuthold, 22, pp. 
22-24). In this study, little diversification in marketing 
of cattle (or grain) is suggested inasmuch as farmers 
seem to substitute scale adjustments (i.e., varying the 
level of planned investments and the amount of credit 
used) for market diversification in managing risk.
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APPENDIX
Appendix T ab le  1. Investm ents i n Land (P er A cre ) Appendix T ab le 3 . Investm ents i n F eed lo t (300 head c a p a c i t y ) .
Time o f Purchase Year 1 Year 2 Year 3 Year 4
Year 1 Year 2 Year 3 Year 4 Term s:
Term s:
P urchase p r i c e  ( d o l l a r s )  
Downpayment ( d o l l a r s )  
M ortgage (d o l l a r s )  
I n t e r e s t  ra te  (p e r c e n t )
2 ,0 6 5
413
1 ,652
8 .5 7
2 ,3 8 0
476
1 ,904
8 .79
2 ,661
532
2 ,129
9 .0 2
3 ,034
607
2 ,4 2 7
9 .2 6
Purchase p r ic e  (d o l la r s )  
Downpayment (d o l la r s )  
Amount fin a n ced  (d o l la r s )  
I n te r e s t  ra te  (p e rce n t)
D e p r e c ia t io n  ( d o l l a r s ) :
Amount in  Year 1 
Amount in  Year 2 
Amount in  Year 3 
Amount in  Year 4
101,398
25,350
76,048
9 .4
14,196
12,208
10,499
9 ,029
109,230
27,308
81,922
9 .6
117,666
29,416
88,250
9 .8
127,366
31,842
95,524
10.0
15,292
13,151
11,310
Year end v a lu e s  ( d o l l a r s ) :  
Year 1 2 ,3 8 0
16,473
14,167 17,831
Year 2 
Year 3 
Year 4
2 ,661
3 ,034
3 ,431
2 ,661
3 ,034
3 ,431
3 ,034
3 ,431 3 ,431
Year end v a lu es  (d o l la r s )  :~
Year 1 
Year 2 
Year 3 
Year 4
101,483
101,959
102,453
102,991
109,634
110,159
110,742
118,230
118,849 128,034
Appendix T able 2 . Investm ents 
C a p i t a l ) .
in  M achinery (P er One D o lla r  o f M achiner
Time o f Purchase
Year 1 Year 2 Year 3 Year 4
Terms :
Purchase p r ic e  (d o l la r s ) 1 .0 1 .1 1 .21 1 .34
Downpayment (d o l la r s 0 .25 0.275 0 .3025 0 .335
Amount fin a n ced  (d o l la r s ) 0 .75 0 .825 0.9075 1.005
I n te r e s t  ra te  (p e rce n t) 9 .4 9 .6 9 .8 1 0 .0
D e p re c ia tio n  (d o l la r s )
Amount in  Year 1 0 .2
Amount in  Year 2 0 .16 0 .22
Amount in  Year 3 0 .128 0 .176 0 .242
Amount in  Year 4 0 .1024 0 .1408 0.1936 0 .2 6 8
a /Year end va lu es  (d o l l a r s )—
Year 1 0.6257
Year 2 0 .6181 0 .6888
Year 3 0 .6103 0.6803 0 .7575
Year 4 0 .6027 0.6711 0 .7475 0 .8381
— Year end v a lu es  are ca lc u la t e d  by m u lt ip ly in g  the o r ig in a l  
c o s t  o f  the l o t  by a rem aining va lu e  f i g u r e .  T his p rodu ct i s  then 
a d ju ste d  f o r  in f la t i o n  w ith  the USDA b u ild in g  and m a te r ia ls  c o s t  index 
(U .S . Department o f  A g r ic u lt u r e ,  4 8 ) .
Appendix T able 4 . Summary o f  Base Crop Budgets (Base Y ea r , 1 978).
Corn Grain Corn S ila g e Soybeans
Owned
a /
Rented^ Owned Owned
A )
Rented-
V a ria b le  c o s ts  
(d o l la r s ) 84 .88 49.86 92 .73 47 .47 30.18
Labor requirem ents 
(h ou rs) 2 .079 2 .079 3 .303 1 .513 1.513
P rod u ction 110 bu. 55 bu. 16 ton 40 bu. 20 bu.
i s  ren ted on a crop share b a s is ; hence p r o d u c tio n  i s  one half
that on owned land .
a /— Year end v alu es are ob ta in ed  by m u lt ip ly in g  purchase p r ic e  by 
rem aining value  fa c t o r s  and then a d ju s t in g  f o r  in f la t io n  w ith  the USDA 
farm m achinery p r ic e  in dex  (U .S . Department o f  A g r ic u lt u r e ,  4 8 ) .
